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LAHORE FOREWORD 
This  report  is  one  of eight  volumes  under  the  unibrclla  title  "Salinity  Management 
Alternatives for the Rechna Doab, Punjab, Pakistan."  The fundiiig for this effort has been 
provided by  the Government of The Netherlands through the Royal Netherlands Embassy 
in  Islamabad  under  the  Phase  I1  project,  "Managing  Irrigation  for  Environmentally 
Sustainable Agriculture in Pakistan."  Between 1989-93, IIMI operated three field stations 
in Rechna Doab using Dutch phase I funding; much of  this field data has been incorporated 
into this study. 
Rechna Doab, the ancient floodplain between the liavi and Chenab rivers covering a gross 
area of 2.9 Mlia, is one of  the most intensively developed irrigated area within the countiy. 
With over a century of  modern  irrigation development, primarily  by diversions from the 
Chenab River,  agricultural productivity was continually bolstered.  Then, some localities 
were beset with  the threats of  higher subsurface water levels and soil salinization.  The 
public  sector  responded  by  implementing  Salinity  Control  and  Reclamation  Projects 
(SCARPS) beginning  in  1960.  ,These projects,  plus  a huge  increase in private tubewell 
development since 1980, have lowered subsurface water levels; however,  the use of  poor 
quality tubewell water, particularly  in the center of  the Doab, has resulted  in secondaiy 
salinization.  'lXs study is an integrated attempt across both space and time to address the 
systems responsiveness to the abovementioned concerns. 
Vast amounts of data have been collected by public agencies in this study area since 1960. 
There are a number of  agriculture census reports (1960, 1972, 1980 and 1990).  Also, the 
Wat.cr and Power Dcvelopnient Authority (WAPDA) has done extensive investigations; their 
data were made available to IIMI through the  General Management (Planning) and the 
SCARPs Monitoring Organization (SMO). In addition, WAPDA deputed an engineer half- 
time to participate in these studies who is knowledgeable on the Indus Basin Model Revised 
(see Volume Eight), which was used primarily to study the effect of  groundwater balance 
constraints on  cropping patterns. 
The planning for this study was done during January-March 1995.  Then, spatial database 
manipulations using GIS tools were employed to provide the base stratifications leading to 
the selection of sample sites for IIMI's field campaigns during 1995, which were meant to 
corroborate, and in many instances update, the information already gathered from public 
sources. This included, in addition to structured farmer interviews, physical observations on 
the useable pumped water quality, soil salinity, surface soil texture, and cropping patterns. 
This  integrated  approach  involves  a synthesis of  spatial  modeling  comprising  drainage, 
salinity, and groundwater use constraints with a calibrated groundwater salinity model, a root 
zoiie surface and groundwater balance model, and production function models appropriate 
to the agroccology of  the area. The output provides both suggestive and predictive links to 
the sust.ainability of  irrigated agriculture in the Rechna Doab. 
Gaylord V. Skogerboe 
Director, Pakistan National Program 
International Irrigation Management Institute Table of Contents 
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SALINITY MANAGEMENT ALTERNATIVES FOR THE RECHNA DOAB, 
PUNJAB, PAKISTAN 
Volume V 
PREDICTING FUTURE TUBEWELL SALINITY DISCHARGES 
1.  INTRODUCTION 
The public and private tubewells are being effectively used for vertical drainage as well as 
for irrigation purposes in  Pakistan.  Currently,  about 13,000 public tubewells having  a 
discharge capacity of 60 to 150 liters per second are operational in various Salinity Control 
and Reclamation Projects (SCARPS), in addition to over 300,000 private tubewells of about 
30 - 40 liters per second pumping capacity installed by farmers.  The salinity of groundwater 
supplies varies widely, with some supplies being too saline for irrigation.  For good quality 
groundwater, tubewells serve the dual purpose of  alleviating waterlogging and supplementing 
the canal water supply.  The rapid development of private tubewells indicates the farmer’s 
heavy dependence on pumped groundwater for their crop production, but a majority of the 
tubewells  are pumping marginal to poor quality groundwater, use of  which for irrigation 
reflects a gradual build-up of salinity and sodicity in the soil profile, thereby rendering the 
agricultural lands unproductive.  There is a great need to manage properly the salinity of 
the groundwater resource for its sustained long-term use for irrigation. 
Computer models are invaluable predictive tools for studying the long-term groundwater 
salinity trends and impacts of various management alternatives upon groundwater salinity. 
The model  predictions  provide  guidelines  that  can  be  used  to make  decisions  about 
implementation of salinity inanagement technology.  However, extensive and reliable field 
data are essential for reliable model predictions in order to make sound decisions regarding 
salinity control technology implementation. 
In the Rechna Doab study,  an existing finite difference  three-dimensional groundwater 
model, HST3D (Beat and Solute Transport in saturated 3-Qimensional Groundwater Flow 
System), that takes into account the vertical salinity gradient in tlie aquifer, was employed 
in  order to  describe  the  spatial  and  temporal  variation  of  salinity  in  the groundwater 
reservoir, as well as the temporal variation in the salinity of  pumped water from the wells. 
The main objective of tlie groundwater modeling was to predict the future long-term trends 
of groundwater salinity changes in pumped groundwater considering the existing and the 
reduced discharges of  the producing wells.  For model calibration, the input data on areal 
extent, thickness, and other physical and chemical characteristics of  the unconfined aquifer 
1 were obtained Gom published  research.  Information on historic salinity of  the pumped 
groundwater and pumping well characteristics were obtained from the SCARP Monitoring 
Organization (SMO ) data sets. 
This volume presents a brief description  of  groundwater geology, aquifer characteristics, 
vertical distribution of groundwater salinity in the aquifer, tubewell development, availability 
of groundwater salinity data of public and private tubewells, and a detailed discussion on the 
application of the groundwater salinity model to Rechna Doab.  The main issues related to 
tubewell irrigation and options for environmentally sustainable irrigated agriculture are also 
discussed in this volume. 
A.  Groundwater Geology 
Groundwater is contained in the deposits of  alluvial sand (fine to medium), silt and clay. 
These deposits have been laid down since late Tertialy time by  the Indus River and its 
tributaries in a alluvial plain extending from the foothills of  the Himalayas to the Arabian 
Sea.  Gradients of  the land surface range from about 0.284 m per kilometer in the upper 
northern and northeastern part of the region to less than 0.189 m per kilometer to the south 
and southwest. 
The monotony of  the alluvial plain is broken by  scattered hills and bedrock outcrops near 
Chiniot, Sangla Hill, and Shahkot in Rechna Doab.  The bedrock hills (consolidated rocks) 
are projections of  the northwest-trending Delhi-Shahpur  Ridgq that is largely buried by 
alluvium.  The rocks of  this buried ridge, presumably of  Precambrian age, are essentially 
impermeable and define the lower limit of  the alluvial aquifer in parts of  Rechna Doab. 
The maximum thickness of  the alluvium is not known.  Logs of  test wells show that the 
alluvium is 190 m or more thick nearly everywhere.  Nevertheless, a sub-alluvial ridge of 
ancient  crystalline  rocks  trends  southeastward  across  the  Rechna  Doab,  starting  near 
Sargodha and extending beneath Kirana, Chiniot, Sangla Hill, Shahkot and Mangtanwala. 
A number of  isolated peaks on this ridge rise above the surface of  the plain  at Kirana, 
Chiniot, Sangla Hill and Shahkot.  The bedrock surface declines sharply to the northeast of 
the ridge as indicated by  a test hole near Sheikhupura which gave a depth of  about 460 m 
without reaching bedrock. 
Southwestward, the surface of the ridge slopes more gradually. Near the southwest ends of 
Rechna Doab, test holes from 275 to 460 m  deep failed to reach bedrock.  A contour map 
for the depth of alluvium and of  bedrock in Rechna Doab is shown in Figure 1.  A cross- 
section of  bedrock along A-A'  in Rechna Doab, which cuts through Shahkot, is shown in 
Figure 2.  For modeling purposes,  the depth to bedrock has been assumed to be equal to 
300 meters. 
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4 B.  Aquifer Characteristics 
The water-bearing characteristics of the alluvial aquifer have been evaluated by  about 140 
pumping tests in Punjab.  These tests yielded information on specific yield (the volume of 
water that an aquifer releases from or takes into storage per unit surface area of the aquifer 
per unit change in head), lateral or radial hydraulic conductivity (K,)  and vertical hydraulic 
conductivity (KJ. 
Based on pumping tests, the specific yield of the unconfined aquifer ranges fiom 1 to 42 
percent with an average value of  14 percent.  Specific yield determinations in these tests 
were for the material unwatered  at the watertable, generally 3 to 8 m below the land 
surface. 
Horizontal permeabilities of  the material in the screened zones range from 3E-4 to 2E-3 
meters per second (mh) and are commonly between 7.62E-4 and 1.22E-3. In areas having 
less permeable alluvium, permeabilities generally range from less than 3E-4 to 6E-4. The 
results of 49 sites in Rechna Doab gave an average value of lateral permeability of  1.16E-3 
mls.  For the majority of  cases, the average permeability ranges from 3E-4 to 1.83E-3 m/s. 
About 69 percent of  the sites gave a range of permeability from 7.62E-4 to 1.92E-3  m/s. 
Although  the alluvium  may  locally  contain  large  proportions  of  silt  and silty  clay, the 
occurrence of  these deposits is generally in the form of  thin lenticular beds.  Generally, 
lenses of  silt, clay  and silty sand compose about 25  to 35  percent of  the entire bulk of 
alluvium.  These fine-grained deposits, of  low permeability, generally are discontinuous so 
that beds of sand constituting the remaining 65 to 75 percent of  the alluvium sene as a 
unified highly transmissive aquifer (Mundorff, et al., 1976). 
Groundwater in the alluvial aquifer is generally unconfined; however, because of the random 
distribution of  clayey strata, the aquifer is anisotropic and lateral permeabilities are generally 
much greater than vertical permeabilities.  Vertical hydraulic conductivities determined at 
14 sites range from 3.E-6 to 1.28E-4  m/s (Bennet, et al., 1967). The average value of K, for 
an aquifer test site at Chuharkana was about 1.46E-5 m/s (Bhatti, 1972). Anisotropy ratios 
(K, :  K.J  at all 15 sites range from 3:l to 195:l. Excluding the three highest and two lowest 
values, the remaining 70 percent range from 15:l to 901  with an average value of about 55:l 
(Mundorff, et a].,  1976).  In the present study, an aquifer specific yield of  0.25 and lateral 






In  1954, a Groundwater Development Organization (GDO) was established to conduct a 
systematic study of groundwater location and its quality. Bores to a depth of  185 m were 
drilled in the various doabs of  the Punjab. From a number of  bores, groundwater samples 
generally within 122 m and in a few cases upto 155 m were collected and analyzed.  In 1959, 
Vertical Distribution of Salinity in Groundwater Reservoir 
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WAPDA was created which took over the Groundwater Development  Organization and 
renamed it Water And Soil Investigation Division (WASID).  Subsequent investigations, 
particularly in the Punjab,  also included groundwater samples from existing open wells, 
handpumps and shallow water resources.  Their usual depth varied between 6  to 18 m. 
Groundwater of  low salinity is found in the areas along the rivers. The groundwater salinity 
increases with distance from the rivers and also with depth.  The saline groundwater areas 
also have a thin layer of  fresh water overlying the saline water.  The locations of  the bores, 
from which groundwater samples were collected, are shown in Figure 3. The salinity of the 
groundwater samples taken from the useuble groundwater zone (TDS < 3000  ppm) are shown 
in Figure 4. In most of the cases, upto a depth of  155 m, the groundwater is of good quality 
ranging in salinity from 400 to 600 ppm. 
Figure 5  shows the results of  12 sites located in the saline groudwuter zone (TDS  5:  3000 
ppm). A few sites had saline groundwater ( more than 3,000 ppm and in some cases more 
than 10,000 ppm) starting even at shallow depths of  30  m.  Within the top 30 m, only two 
sites showed groundwater upto 500 ppm.  Deeper water upto 110 m are generally highly 
saline (more than 3000  pprn ) (Ahmed, 1995). 
In 1960,  in Rechna Doab, about 1500  shallow water samples (6  to 18 m below the ground 
surface) were collected and analyzed for evaluating the salinity of shallow groundwater. This 
analysis showed that about 49 percent of the 1500 samples contain groundwater salinity of 
750  ppm, 39 percent vary in salinity from 751 to 1500  ppm,  10 percent vary from 1501 to 
3000  pprn and 3  percent contain salinity above 3000  pprn (Ahmed, 1995). 
An important obselvation from Figures 4  and 5  is that a majority of  the groundwater salinity 
profiles  show that groundwater salinity increases with depth in the aquifer, which implies 
that a vertical salinity gradient exists in the groundwater aquifer that must be taken into 
account while studying the groundwater salinity variations in the aquifer, as well as in the 
pumped water. An effort  was made to develop a vertical salinity distribution of groundwater 
from the data given in the book on Groundwater Resources of  Pakistan written by Dr. Nazir 
Ahmed  in  1995.  The groundwater salinity  distribution with  depth in  the  aquifer was 
required towards specification of the initial concentration in the Groundwater Model. 
D.  Tubewell Development 
1)  SCARP  Tubewells 
A major program for the control of waterlogging and salinity began in the irrigated areas 
of  Pakistan  since  the  early  1960s, under  which  a  number  of  Salinity  Control  and 
Reclamation Projects (SCARPS) have been launched.  In these projects, about 13,000  high 
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capacity (0.06 to 0.14 cubic meters per second, cumecs) deep (depth varies from GO to 120 
meters)  SCARP  tubewells  were  installed  by  WAPDA  for  vertical  drainage  and  to 
supplement the iriigation supplies where  the groundwater  is usable.  SCARP tubewells 
resulted in pumping of  large quantities of  groundwater from deep strata, which invariably 
is more saline, but they have made a significant contribution in lowering the watertable in 
affected areas. 
SCARP-I, which lies in central Rechna Doab, was the first project to control waterlogging 
and salinity in Rechna Doab.  The gross area is about 0.49 Million hectares (Mha) and the 
culturable area is about 0.46 Mha. As of  June 30, 1972, 2068 public tubewells with a total 
design capacity of  180 cumecs had been installed in the SCARP.  Several schemes included 
in SCARP-I were operational in 1961, and all 12  schemes in this SCARP were in operation 
by  July 1962. There were 2073 public tubewells having a capacity of  130 cumecs in 1980-81. 
The high capacity public tubewells were installed along minors and distributaries, not only 
to lower the watertable, but also to supplement canal irrigation in fresh water zones and to 
pump out saline water in the saline zones.  The main objective of the SCARP-I was to 
demonstrate the effectiveness of vertical drainage in reclaiming salt-affected soils in a large 
area. The plan was to lower the watertable by pumping groundwater and to supplement the 
surface water supplies. 
SCARP-IV was originally planned to include most of Upper Rechna Doab, but was reduced 
to  two  schemes  in  part  because  of  a  large  antecedent  increase  in  private  tubewell 
development in the area. The Mangtanwala and Muridke Schemes lie along the northwest 
bauk of  the Ravi River between the river and SCARP-I and close to the Marala-Ravi Link 
Canal. The gross area of  the schemes is 0.25 Mha, the culturable area is about 0.23 Mha and 
935 public wells with a design capacity of  105 cumecs had been installed.  All 311 wells in 
the Mangtanwala Scheme were in operation as of July,1969, but as of June 30, 1972, only 
245 of the 624 wells in the Muridke Scheme were operational. 
Under SCARP-V, in 1976, about 101 tubewells having a pumping capacity of  4.9 cumecs 
were installed in Shorkot Kamalia Project, which has a gross command area of 0.022 Mha, 
and in 1977, about 71 tubewells with a pumping capacity of  4.4 cumecs were installed in 
Satiana Pilot Project, which covers a gross command area of  about 0.047 Mha. 
2)  Private Tubewells 
The growth in the numbers of  private tubewells, in some parts of  Punjab in the 1980s, has 
been explosive.  Private tubewells increased five fold from 1965 to 1977. Pumping from the 
private  tubewells  lowered  the watertable  and  increased  the water  supply  significantly. 
According to recent estimates, there  are about 300,000 private tubewells to supplement 
surface water supplies.  The rapidly growing exploitation of groundwater for irrigation by 
the  private  tubewells has greatly  enhanced the vertical  drainage  effect  of  the SCARP 
tubewells. Currently, due to high operation and maintenance and other technical reasons, 
12 . 
the SCARP tubewells are being  handed over to the private sector through the SCARP 
Transition Program in fresh groundwater areas. 
In Rechna Doab, private tubewells in operation as of  June 30,  1971 were 31,900 out of 
which 25,100 were in  Upper Rechna Doab and 6,800 were in Lower Rechna Doab. In 
SCARP-I, there were about 310 private tubewells in 1964 and 4566 with average capacity 
of  0.03 cumecs in 1980-81.  IIMI’s research on tubewell irrigation (1988-1989) undertaken 
in the command of  Lagar distributary (Gross Command Area, GCA of 7450 ha, Cultural 
Command Area, CCA of  6,619 ha), offtaking from Upper Gugera Branch  Canal of  the 
Lower Chenab Canal (LCC) system, revealed that there are 399 operational tubewells out 
of which 368 are private tubewells and 31 are public tubewells.  The distribution of currently 
operational private tubewells in Lagar command by  year of  development is presented in 
Figure 6, which reflects the variation from year to year in the total number of tubewells 
installed and rate of  installation in the 1980s. In late 1989, the overall density of  private 
tubewells  in. Lagar’s command area was  about 5.5  wells per  100 ha of  CCA.  Between 
watercourse commands, private tubewells densities in Lagar’s command area varied from 
1.7  to more than 9.9 per 100 ha of  GCA (Vander Velde and Johnson, 1992). 
The  development  of  private  tubewells  staited in  the  mid-sixties  in  the commands  of 
Mananwala Distributary  (CCA of  26,800 ha)  and  its Karkan  Minor  (CCA of  9,400 ha) 
offtaking  from Upper Gugera Branch  Canal of  the Lower  Chenab Canal system.  The 
private tubewell development remained slow for the first 15 years. The average number of 
private  tubewells  per watercourse  command  area was  lower  than  two  until  1980. An 
explosive increase took place during the eighties. There were 70 private tubewells in 1985 
(2.2 tubewells/100 ha) of  CCA and 223 in 1990 (7 tubewells/100 ha of  CCA) in the sample 
area (3180 ha of  CCA) of  14 watercourses of  Mananwala Distributary and Karkan Minor 
as shown in Figure 7.  The aggregated tubewell density is equal to 7.6 tubewells per 100 ha 
(1992) for the sampled  14 watercourses of  the two channels.  The tubewell density among 
watercourses ranges from 1.5 tubewells per 100 ha for Karkan Watercourse 27L to about 
13 tubewells per 100 ha for Mananwala Watercourse 71R as shown in  Figure 8 (Malik and 
Strosser, 1993). 
In the present study, tubewell data including tubewell discharge, well diameter, well depth 
and  salinity  concentration  of  pumped  groundwater  were  required  for  modeling  the 
groundwater system  of  Rechna  Doab.  The availability and  collection  of  tubewell  data, 
especially tubewell water salinity information, is discussed in the following Section. 
13 . 11.  COLLECTION OF INFORMATION ON SALINITY OF TUBEWELL WATER 
L 
A. 
Under the Groundwafer  Sulinity Management research sub-component, for the modeling study 
employing a three-dimensional groundwater model for simulating the spatial and temporal 
variations in groundwater salinity and for predicting tlie impact of  reduced discharges on the 
groundwater salinity of  tubewell water in Rechna Doab, data on salinity of  tubewell water 
were needed in addition to other data requirements.  The data on groundwater salinity of 
public tubewells were collected from the records of the SCARP Monitoring Organization 
(SMO) of the Water And Power Development Authority (WAPDA), while the information 
related to private tubewells were obtained  from IIMI's  own records of  past research  on 
tubewell irrigation carried out during 1988 - 1992 in the LCC command (Table 2, Volume 
Three). 
For SCARP-I, groundwater quality data for 2074 tubewells were available for a period of 30 
years (1960-1989) but that data were not  consistent  for each year during the 1960 -1989 
period. Out of 2074 tubewells, only 500 tubewells have consistent groundwater quality data 
for 1960, 1965, and 1985.  These tubewells have a salinity range of  1000 to 4000 pS/cm, 
whereas  53 out of  500  tubewells  have  an EC range  of  1500-4000  wS/cm,  showing  a 
deteriorating trend in groundwater quality with time.  In SCARP-ZV, groundwater quality 
data (1975-1989) for 952 tubewells were available containing EC values in the range of  650 
to 1600 pS/cm.  The temporal groundwater quality of these tubewells show a deteriorating 
trend but at a slow rate aud still fall under a usable class because this SCARP lies in the 
flood plain of  the Ravi River. 
For Satiana Pilot Project, groundwater quality information were available for 40 lubewells 
out of a total of 71 tubewells installed under this project.  The salinity of pumped water of 
these tubewells varied  from  1600 to 6200  wS/cm.  The 18 out of  40  tubewells  show  a 
deteriorating trend during the period of  1981-1986. In the case of  tlie Shorkot-Karnalia Pilot 
Project, only one time (1975) date were available for only 11 tubewells out of a total of 101 
tubewells.  For these 11 tubewells, EC varies from 350 to 1100 wS/cm. 
For private tubewells, groundwater salinity data were available for only one time in Lagar 
(1988), Mananwala (1990) and Pir Mahal (1992) distributaries command areas.  Following 
the WAPDA groundwater quality criteria for irrigation use  (Table l),  about 72 tubewells 
in Lagar Distributary Command, 75  in Mananwala Distributary Command and more tlian 
21 in Pir Mahal Distributary Command pump groundwater of marginal quality that requires 
mixing with canal water to be used for irrigation purposes.  Based on the Directorate for 
Land  Reclamation  (DLR),  Punjab  Irrigation  Department standards  for  evalnating the 
suitability of  groundwater for irrigation purposes, majority of the tubewells in the commands 
of these distributaries of  the LCC system pump marginal to haziirdous quality groundwater. 
Existing Groundwater Salinity Data Sihation 
15 Table 1  Groundwater Quality Classification for Irrigation Use. 
WAF’DA  Criteria: 
Useable  EC  = 0-1500  u  S/cm  , -I ---- 
RSC  = 0-2.5  meqfl 
EC  = 1500-3000  p S/cm 
RSC  = 2.5-5  meqn 
EC  = more than 3000  p S/cm 
RSC  = more than 5  meqA 
SAR  = more than 18 
SAR  = 0-10 
Marginal 




Useable  EC  = less than 1000  p S/cm 
RSC  = less than 1.25  meqfl 
SAR  = less than 10 
RSC  = 1.25-2.5  meqfl 
EC  = more than 1500  CL S/cm 
RSC  = more than 2.5  meail 
Marginal  EC  = 1000-1500  p S/cm 
SAR  = 10-15 
Hazardous 
1. - 
SAR  = more than 15 
. 
16 B. 
In  1995, under  the  Rechna Doab Salinity Management Study, IIMI conducted  its ow11 
ground truth surveys for sample sites selected using GIS for the collection of  infomatiou 
on pumped groundwater quality in Rechna Doab in order to evaluate temporal variations 
in the salinity of  pumped groundwater.  The selected sample sites covered an area of about 
175,000  ha across  219  locations  (area  sampled  per location was  about 800  ha).  The 
information on tubewell location, type of  tubewell,  and groundwater salinity of  pumped 
water appear in Table 4 of  Volume Three.  Additionally, 13 operating tubewells were also 
visited  in  the  Command  of  Lagar  Distributary  for  monitoring  the  salinity of  pumped1 
groundwater (Table 5, Volume Three); these tubewells were previously observed for  pumped 
groundwater quality during IIMI’s sample survey in 1988. 
The groundwater salinity data of  1995 show that the salinity of  pumped water varies from 
600 to 2000 pS/cni . The comparison of  groundwater salinity data of  1995 for 13 tubewells 
with that of 1988 of  the same tubewells showed almost the 9me  values of  EC in 1988 and 
1995. There was some improvement in water quality for a majority of the tubewells.  The 
groundwater salinity data collected during the present study and that from secondaq  sources 
provided a useful data base for this modeling study for simulating and predicting the long- 
term trends of salinity variations of  pumped water, and also for acquiring more insight into 
the behavior of  pbmped water salinity with time. 
Based upon the data available on groundwater salinity of public as well as private tubewells, 
the following strategy was adopted for this model study: 
Fleld Measurements of  Groundwater Salinity of Tubewell Water 
Because Upper Rechna is the largest area of  fresh groundwater containing 500 ppm 
TDS, no tubewell was selected from this portion of  the Doab for model simulations 
of  groundwater salinity; 
From  SCARP-I  (Central  Rechna  Doab),  8 tubewells,  namely,  CK23  from  the 
Chuharkana reclamation scheme, SH200 from the Sangla Hill reclamation scheme, 
SKT34 and SKT137 from the Shahkot reclamation  scheme, and ZW137, ZW217, 
ZW241,  and ZW337 from the Zafanval reclamation scheme were selected for  the 
groundwater modeling study.  For these tubewells, groundwater salinity data in the 
range of 1500 to 4000 gS/cm were available consistently for the years of  1960, 1965 
and 1985, respectively.  These tubewells show a deteriorating trend in groundwater 
salinity with time; 
From the Satiana Pilot Project,  14 tubewells, namely, STN4, SNT6, STN9, STNlZ, 
STN29, STN30, STN31, STN32, STN43, STN44, STN45, STN46, STN47, and STN61 
were selected for modeling.  These tubewells have pumped water salinity in the range 
of 1000 to 7000 pS/cm  for 1981-1986  with  a deteriorating trend in groundwater 




17 c  No tubewell was selected from Shorkot Kamalia Pilot Project due to the availability 
of  only one time groundwater salinity data for 1975 and lower values of  EC (350 to 
1100 pS/Cm); 
Because in SCARP-IV, groundwater salinity of pumped water ranges from 650 to 900 
pS/cm, no tubewell was selected from this scheme; and 
Because for private tubewells, groundwater salinity data were available for only one 
time in Lagar(1988), Mananwala (1990) and Pir Mahal(l992) Distributaries command 
areas, and also in polygons surveyed  in  1995 under this Rechna Doab Study,  no 
tubewell was selected for the model study. 
+ 
111.  PREDICTING TEMPORAL VARIATIONS IN SALINITY OF TUBEWELL WATER 
A.  Predictions on Individual Tubewells 
1)  Central Rechna Doab 
As  a first case, eight public tubewells of SCARP-I; namely, CK23 from the Chuharkana 
reclamation scheme, SH200 from the Sangla Hill reclamation scheme, SKT34 and SKT137 
from the Shahkot reclamation scheme, and ZW137, ZW217,ZW241, and ZW337 from tlie 
Zafaxwal reclamation scheme  were selected for  the groundwater modeling study. The  various 
reclamation schemes of  SCARP-I are shown in Figure 9.  The abovementioned tubewells 
were selected due to the availability of a data base for a long time period and tlie presence 
of private tubewells surrounding them.  The data base on groundwater quality from tlie 
SMO makes it easier to compare the observed values of  salinity concentrations of pumped 
water with those simulated by  the model. 
Understanding the behavior of groundwater salinity variation in public tubewells niakes it 
easier to understand the behavior of quality changes in the private tubewells.  An effort was 
made to select the tubewells whose water quality was deteriorating with time in older to 
study the behavior of  salinity variation for pumped groundwater in each case. 
The water quality data of the eight selected tubewells for a period of 29 years (1960-1989) 
obtained from SMO of  WAPDA are presented in Table 2.  The water quality valiies for 
CK23 and SKT34 tubewells indicate almost the same trend (i.e. in some years the water 
quality is deteriorating while in others it is improving) which may be due to groundwater 
aquifer recharge resulting  from heavy rainfalls and floods during those years.  For some 
years, the groundwater quality data are missing.  The water quality values for SKT137, 
ZW137, ZW217, ZW241 and ZW337 tubewells indicate an increasing trend in the salinity 






1960  1965  1970  1975  1980  1985  1989 
486  461  896  832  896  - 
In order to investigate the temporal variation of  pumped water salinity coiirenti ation froin 
the selected eight tubewells of SCARP-I on a local scale, the dimensions of  the simulation 
regions were taken as 3000 meters (m) in the x-direction, 4000 in in the y-dilection and 305 
m in the z-direction.  Seven equally spaced nodes weie defined to discietize the legion 111 
the x-direction, nine nodes were distributed in the y-direction and ten nodes wele used in 
the  z-direction.  The  z-direction  was  oriented  vertically  upward.  The lowrr  2nd  outei 
boundaries were assumed as no flow boundaries and the upper boundary was assumed to 
be an unconfined aquifer free surface. The areal recharge flux was set to - 6.2823E-9 m'/m2s 
with the negative sign denoting flux in the negative z-direction. 
The salinity concentration associated  with  the recharge  flux was  set  at 300 ppm, which 
determines the amount of  solute that enters through the free surface.  The initial solute 
concentration in  the simulation region  ranged  from 150 ppm to 5000 ppm  from  top to 
bottom of the region for Tubewell CK23, from 210 ppm to SO00 pprn for Tubewells SKT34 
and 2W337, and from 210 pprn to 6000 ppm for SKT137, SH200, ZW137, ZW217  and 
ZW241.  The  discharge for Tubewell ZW337 was 70.80 l/s  and the  recharge flux was  - 
5.7990866E-9 m3/m2s. 
The values of initial salinity concentration in the aquifer were derived from the book  on 
"Groundwater Resources of Pakistan," written by Nazir Ahmed, 1995. A fixed time-step of 




2150  2180  2304  -  - 
2000  920  1820  628  1380  1040 physical properties of the fluid and porous media, solute transport parameters, and pumping 
wells are given in Table 3. 
Table 3  Groundwater Model Input Data For SCARP-I Tubewells 
Porous Medium and Fluid Physical Properties: 
aquifer thickness  305 m 
aquifer permeability  1.2244898E-12 mz 
porous media porosity  0.25 
porous media compressibility 0. pa-' 
fluid density  1,000 kg/m3 
fluid viscosity  0.0013 kghn-s 
fluid compressibility  0. pa" 
temperature of  region  20" c 
longitudinal dispersivity  5.0 in 
transverse disuersivitv  5.0 m  ~~ 
Well Information: 
well radius  0.13 m 
well depth  102 m 
pumping rate  84.96 11s  JI 
The aquifer was  assumed  to be homogeneous and isotropic,  though  the  model can also 
handle heterogeneous  and anisotropic aquifers.  Employing the required input data, the 
groundwater model was run for several times for a period of 25 years (1960-1985) in order 
to simulate the salinity concentration  of  pumped water and to have a reasonable match 
between the obseived and simulated groundwater salinity.  After achieving this agreement, 
the model was  run  for  a period  of  50 years  (1960-2010) for  developing predictions on 
groundwater salinity beyond  1985.  The results of  this modeling study for CK23, SH200, 
SKT34, SKT137, ZW137, ZW217, ZW241, and ZW337 are discussed below. 
Figure 10 reveals the change in salinity of  pumped water in the range of  about 270 to 1130 
ppin, whereas Figure 11 indicates a range of  salinity variation from 470 to 1240 ppm for 
Tubewell CK23 during the period of  1960 to 2000.  Clearly, Figure 10 shows a lower salinity 
variation range and Figuie 11  shows the higher prediction of  salinity variation with time. 
These  two figures indicate  that  the  salinity concentration  of  pumped  water could  vary 
between these two ranges during the period of  1960 to 2000. 
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22 For the above simulations, the ini,>act of  various discharges on salinity of  pumped water is 
depicted in Figures 12  and 13.  Figure 12  shows that the salinity concentiatlorl varies from 
270 to 1130 ppm, 260 to 900 ppm, 260 to 770 ppm, 260 to 630 ppm, 250 to 450 ppm for 
discharges of  84.96, 56.84, 42.48, 28.32 and 14.16 I/s, respectively.  Figure 13 indicates that 
the salinity variation ranges from 470 to 1240 ppm, 470 to 1020 ppm, 470 to 910 ppm, 470 
to 790 ppm,  470 to 630 ppin  for  discharges  of  84.96, 56.84, 42.48, 28.32 and  14.16 I/s, 
respectively. 
The increase  in  salinity  percentage  during  tlie  1960 to 2000  period  corresponding  to 
discharge values in  percentage of  the maximum discharge was calculated from the results 
shown in Figure 12 (Case 1) and Figure 13 (Case 2).  Figure 14 shows a plot of  the percent 
increase  in  salinity  concentration  of  pumped  water  versus  tlie  percent  of  maximum 
discharge, resulting in two cnrves representing Case 1 and Case 2.  These two curves provide 
a range of  salinity concentration increase in pumped water corresponding to a particular 
discharge in percentage of  the maximum discharge.  For example, for a discharge value of 
100 % of  maximum discharge (84.96 lis), the salinity concentration of  pumped water will 
increase within the range of  163 96 to 318 o/o during the period of  1960 to 2000.  Likewise, 
if  the pumping rate is only one-sixth (14.16 I/s) of the maximum discharge rate, the salinity 
of  pumped water will only increase 25-80 %. 
Figure  15 depicts that for SH200, the groundwater salinity of  pumped watei would vary 
between 2200 and 3050 ppm during the peiiod of  1960-2010. Figures 16 and 17 reveals the 
changes in the salinity of  pumped water in the ranges from 700-1660 ppm and from 1600 
to 2660 ppm for Tubewells SKT34 and SKT137, respectively. 
Figures  18 through  23 show the iesults of  model siinulations for  tubewells of  Zafamal 
reclamation scheme of  SCARP-1. Figure 18 reveals that the salitiity variation ranges from 
1920 to 2910 ppm during the period of  1960 to 2010 for Tubewell ZW137.  Figures  19 
through 21 show the results of  model predictions on Tubewell ZW217.  Figure 19  indicates 
that the salinity of pumped water for Tnbewell ZW217 would vary from 1240 to 2710 ppm 
during the period of  1960-2010. 
Figure 20 shows the iesults of  model simulations for Tnbewell ZW217 having a discharge 
range of  84.96 to 14.16 I/s. The ciirves in this figure reveal that the salinity concentiation of 
pumped water varied from  1240 to 2710 ppm, 1240 to 2560 ppm, 1250 to 2480 ppm, 1250 
to 2340 ppm, and 1260 to 2150 ppm for discharges of  84.96, 56.84, 42.48, 28.32 and 14.16 
I/s, respectively.  Clearly, for the lowest value of discharge (14.16 Us), the model showed a 
much smaller change in salinity concentration over the time period of  1960 to 2010.  A plot 
of  the percent increase in  salinity concentration  of  pumped water versus the percent of 
maximum discharge for ZW217 is shown in  Figure 21.  For a particular discharge value in 
percentage  of  the maximum  discharge,  the percent increase  in salinity concentration  of 
pumped water during  the period  of 1960-2010 could be found from the curve  shown in 
Figure 21. 
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Figure 23  Salinity of Grwndwater VE. Time Period for Tubewell ZW337. 
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Model predictions on tubewell ZW241 are presented in Figure 22, which shows that during 
the period of  1960 to 2010, the salinity of tubewell water would change from 1300 to 2900 
ppm. Figure 23 indicates that in the case of  Tubewell ZW337, the quality of  pumped water 
vanes from 1050 to 2200 pprn during the period of  1960 to 2010. 
2)  Lower Rechna Doab 
For modeling purposes, five tubewells ( STN4, STN6, STN9, STN32 and STN61) were also 
selected from the Satiana Pilot Project whose water quality data, which are available during 
1981 and 1986, are provided in Table 4.  The period of  1981-1986 was used for calibration 
of  the model because groundwater quality data of pumped water were available for the 
selected tubewells for this period. 
Table 4  Water Quality Data for Selected Satiana Pilot Project Tubewells 





The same grid size was used  for the selected tubewells  as was employed for SCARP-I 
tubewells.  The pumping capacity for all of  the selected Satiana Tubewells was set equal to 
78.8 Vs as found in the field and the recharge flux was equal to - 5.7990866E-9 m3/m2s  with 
its salinity concentration of  300 ppm.  The initial solute concentration in the simulation 
region ranged from 210 ppm to 7000 pprn from top to bottom of the region for Tubewells 
STN4, STN6, STN9, STN32 and STN61.  The other required input information was from 
Table 3. 
Various model runs were made in order to have a reasonable match between the observed 
and  simulated  groundwater  quality  of  pumped  water  for  the  study  tubewells.  After 
calibration, the model simulations were run to year 2010 in order to  predict temporal salinity 
concentration changes in the pumped groundwater.  The model predictions could help in 
establishing guidelines for groundwater resource management on a long-term sustained basis 




water versus time relationship at a given pumping rate, and (2) the pumped water salinity 
versus pumping rate relationship at a given time. 
The results of model simulations for Tubewells STN4, STN6, STN9, STN32 and STN61 are 
shown in Figures 24 through 28.  Figures 24 and 25  indicated that for Tubewells STN4 and 
STN6, the salinity concentration changed from 2570 to 3610 pprn and from 1600 to 2900 
ppm, respectively, during the 1981 to 2010 period. 
In the case of  STN9 (Figure 26), the salinity concentration vaned from 2080 to 3270 ppm 
during the 1981 to 2010 period and for STN32 (Figure 27), the salinity increased from 1300 
to 2600 ppm over the same time period of  1981 to 2010.  The model simulation results for 
STN61 are presented in Figure 28, which reveal that the salinity concentration of pumped 
water increased from 2240 to 3400 ppm over the time period of  1981 to 2010. 
B. 
The model was also calibrated for a density of  eight tubewells (STN29,  STN30, STN31, 
STN43, STN44, STN 45, STN46 and STN47) over 3375 hectares of area within the Satiana 
Pilot Project.  In this case, the dimensions of the simulation region were taken as 7500 m 
in the x-direction, 4500 m in the y-direction and 305 m in the z-direction.  Sixteen equally 
spaced nodes were distributed in the x-direction, ten nodes were defined separately in the 
y- and in the z-directions. The same boundary conditions were simulated as assumed before. 
The areal recharge flux was set to - 1.2564688E-8 m3/m2s  with its salinity concentration of 
300 ppm. 
The initial solute concentration in the simulation region ranged from 100 ppm to 5000 ppm 
from top to bottom of  the region for Tubewells STN29, STN31 and STN44, from 150 ppm 
to 5000 pprn for Tubewell STN30, from 700 ppm to 5000 pprn for STN43, from 400 ppni 
to 7000 ppm for STN45, from 200 ppm to 5000 ppm for STN46, and from 120 ppm to 5000 
pprn for STN47.  The discharge for all of  the tubewells was 70.80 l/s.  The historic salinity 
data for these tubewells are provided in Table 5. 
The graphical results of  these simulations (Figures 29 and 30) reveal the impact of reduction 
in pumping discharge on salinity concentration of  pumped water for the eight tubewells. 
For example, for STN29 pumping at 70, 43, and 7 I/s, the salinity concentration of pumped 
water  increased  from  1770 to 2470  ppm,  1750 to  2340  ppm  and  1750 to  2030  ppm. 
Similarly, for STN30, at discharges of 70, 43, and 7 Us, the salinity variation ranged from 
1720 to 2070 ppm, 1700 to 1990 and 1700 to 1810 ppm, respectively.  At reduced discharge 
rates, the model predicted a much smaller change in salinity concentration of pumped water 
over  the  time  period  of  1981 to  2010.  The  modeling  exercise  has  shown  that  the 
groundwater model predicted the temporal variations in salinity concentration of pumped 
groundwater fairly well. 
Predictions on  Group of Tubewells 
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Figure 29  Salinity of  Groundwater vs. Time Period for Q = 70 & 43 L/s 



























Y Table 5  Water Quality Data for Group Simulation of  Eight Tubewells 
of  Satiana Pilot Project (TDS, ppm). IV.  ISSUES AND OPTIONS RELATED TO TUBEWELL IRRIGATION 
A.  Issues 
I)  Inequitable and Unreliable Canal Water Distribution 
Inequitable and unreliable canal water distribution caused by water shortage, poor operation 
and maintenance of  the irrigation system, weak institutions, and illegal cuts and breaches 
by  the farmers having large land holdings, is creating a heavy dependence on groundwater 
irrigation for agricultural production.  In some cases, groundwater accounts for 50 to 70 
percent, even 100 percent, of the total irrigation supplies. The majority of the tubewells are 
pumping marginal to poor quality groundwater which is causing a gradual increase in salinity 
and sodicity in the soil profile, which is a serious concern for sustainable irrigated agriculture 
in the Indus Plain. 
2)  Groundwater Quality 
In Pakistan, in most of  the cases, soil salinity is caused by shallow saline groundwater, but 
intensive use of  poor quality groundwater without improving its quality is also converting 
good  agricultural lands into salt-affected lands.  Approximately  70  to 80 percent of  the 
tubewells of  the Indus Plain pump sodic water because of  which 2 - 3 million hectares of 
land have become sodic/saline (Rafiq, 1990). 
Upper Rechna contains fresh water of 500 ppm, but in the central and lower portions of  the 
Rechna Doab, groundwater salinity concentrations varies from 3,000 to 18,000 ppm.  IIMI's 
research on tubewells operation and quality of pumped water in the LCC system of  Rechna 
Doab has shown that all of the tubewells in the watercourse commands of Lagar Distributary 
are pumping poor quality groundwater, which is unfit for irrigation.  If the present trend of 
pumping of  groundwater and its use continues, it will pose the following problems: 
b  over exploitation of the gloundwater resource will occur due to an excessive growth 
of tubewells in the irrigated areas; 
the use of poor quality groundwater for irrigation will  cause a gradual build-up of 
salinity/sodicity in the soil profile due to which the acreage of  unproductive land will 
increase with time; 
farmers  would  need  to  bear  extra  expenditures  for  improving  the  quality  of 
groundwater by  using  chemical  amendments like  gypsum  and  acids  and  also  for 
reclaiming the salinized  soils, othenvise  farmers will get low crop yields from  the 






+  in the long-run, the presently  good quality groundwater will be depleted from the 
fresh water layer and subsequently saline water will be pumped from the lower layers 
of the aquifer, thereby aggravating the problem of  salinity and sodicity in the soils of 
the irrigated areas. 
3)  Salt Balance 
The tubewell irrigation causes an increase in salt addition  to the soils, making the salt 
balance issue important for sustaining the productivity of  the irrigated lands. The questions 
related to salt balance are how much salts are being added to irrigated lands by  canal and 
tubewell water, how  much  salts are being  removed  from the  irrigated  area, where the 
remaining  salts  are  accumulating,  how  the  quality  of  groundwater  will  vary  through 
continued  recycling  of  pumped  water,  and  at  what  level  the  salt  balance  should  be 
monitored; answers to these questions may be partially obtained from the salt balance for 
an area.  The issue of  salt balance needs to be considered in order to identify the areas of 
imbalance in salt flows. 
4)  Cropping Pattern Shift 
The change in cropping pattern has replaced the low delta crops to high delta crops like 
rice, sugarcane, etc.,  resulting  in  over-exploitation  of  the groundwater resource  that is 
causing aquifer mining and salinity/sodicity build-up in soil profiles of irrigated lands. 
B.  Options 
Keeping in view the abovementioned issues related to groundwater quality and tubewell 
irrigation, the following options are suggested for achieving an environmentally sustainable 
irrigated agriculture. 
1)  Equitable and Reliable Water Distribution 
Equitable and reliable water distribution should be enhanced by the Irrigation Department, 
especially for areas having a shortage of  (or no) canal water, as well as for areas having 
groundwater unfit for irrigation.  Institutional and management capabilities of the PID need 
to be strengthened in order to improve the hydraulic performance of  the irrigation systems, 
which currently causes inequity in surface canal water supplies and increased dependence 
of especially tail end farmers on pumped groundwater of  poor quality, thereby causing the 
occurrence of  more soil salinity problems.  The improved irrigation system management 
would increase equity, reliability, and reduce the variability in canal water distribution in the 
irrigation system. 
37 2)  Skimming Well Technology 
The installation of skimming wells (fractional wells) should be encouraged in order to skim 
good quality groundwater overlying poor quality water.  The farmers should be provided 
with technical assistance on improved well design and better operating strategies so that they 
may  operate their wells  in such  a way  that the fresh water layer is  neither mined nor 
degraded significantly in quality. 
3)  Revision of Water Allocations 
Keeping in view the change in cropping pattern, water allocations should be revised in order 
to meet the current crop water requirements in the irrigated areas.  For this purpose, new 
storage structures and remodeling  of  the irrigation system will be required.  Two other 
options for  (1) 
redistribution of canal water along a secondary canal to ensure more equitable distribution 
of good quality wate; and (2) change in water allocations between commands, mainly from 
good quality groundwater  areas to poor quality groundwater areas, but it may  increase 
salinization in the good quality areas without effectively improving conditions in other areas. 
managing  soil salinization  caused  by  tubewell  irrigation  may include: 
4)  Low-Delta Crops 
The growth of low delta (low water consuming) crops in place of high delta crops should be 
encouraged in order to decrease the use of  poor quality groundwater for irrigation and 
consequently to control the groundwater contribution to soil salinity and sodicity problems. 
5)  On Farm Water Management 
Past research has indicated that the farmers have a tendency  for over irrigation.  Poorly 
leveled fields are considered to be a major factor causing over irrigation.  Availability of 
tubewell water is another factor related to ovenvatering on irrigated lands.  Research in 
Mona indicated that 13 to 18 centimeters (cm) depth of each irrigation rather than 8 cm is 
very common in irrigated lands. Provision of more or less than the desired quantity of water 
to the fields results in inefficient irrigation practices and also gives rise to waterlogging and 
salinity problems. 
The technology for using available water supplies most efficiently should be adapted for 
improving on-farm irrigation water management practices.  Irrigation scheduling techniques 
that answer the questions about when to irrigate and how much irrigation water to apply are 
very  important to  assist  farmers  in  the  efficient  use  of  irrigation  water  on  the  farm, 
especially in the areas of limited water supply.  By  managing other production inpnts too, 
the maximum  crop yields could be achieved.  The improved irrigation  scheduling  and 
38 irrigation practices, like land levelling by  laser technology and an appropriate combination 
of  irrigation methods (sprinkler and surface irrigation methods), could  result in  reduced 
seasonal irrigation water requirements and consequently help in controlling waterlogging and 
salinity conditions in irrigated areas. 
6)  Con,junctive Use 
In order to use poor quality groundwater in conjunction with  canal water for irrigation, 
farmers should follow the recommendations given by  the scientists working on conjunctive 
use of  canal water and groundwater.  The sodic groundwater can be used by  mixing the 
reqnired quantity of  chemical amendments like gypsum or acids.  Also, saline groundwater 
can be used by ensuring adequate leaching of  salts using additional canal water.  Currently, 
the  nse  of poor quality  groundwater  without  giving  any  consideration to its  quality, is 
creating soil salinity and sodicity problems in irrigated lands. 
7)  Farmer’s Awareness of Land Reclamation 
In general, farmers are aware of  the adverse effects of  salinily on agricultural productivity 
and many farmers have the capacity of managing successfully field-level salinity by modifying 
their farming and irrigation management practices, keeping in view the inequity in canal 
water distribution and the resulting effects on soil salinity.  Though fanners seein to have 
an idea about soil sodicity (which needs chemical amendments and leaching for reclamation) 
caused  by  using sodic groundwater, they  are not able to mitigate  this problem because 
farmers are not  aware  of  the chemical  amendments and  leaching  requirements, which 
reflects  a  strong  relationship  between  the  percentage  of  increasingly  poor  quality 
groundwater used and levels of  irrigation-induced soil salinity/sodicity.  Fanners should be 
made aware of  using  chemical  amendments and  leacliing  for improving tubewell water 
quality and reclaiming salt-affected lands. 
8)  Monitoring of Salt Balance 
There should be a monitoring and evaluation on a regular basis for evaluating salt balance 
both in the root zone and the groundwater reselvoir for each canal coinmand (where values 
of  hydrologic  parameters  are generally  available)  in  order to have  an idea  about salt 
accumulation in the soil profile and the groundwater aquifer. Areas showing salinity/sodicity 
increases in the soil profile should be monitored more frequently in order to determine the 
causes and to adopt management measures for control of  soil salinityisodicity problems. 




The fact that groundwater irrigation contributes significantly to total irrigation supplies for 
agricultural production of  the irrigated areas has been well established by  IIMI's research 
on tubewell irrigation (1988-1992) undertaken in the command of the Lower Chenab Canal 
(LCC) System.  It was also found that the majority of  tubewells are pumping marginal to 
poor  quality  groundwater,  which  for  irrigation  is  causing  a  gradual  build-up  of 
salinity/sodicity in the soil profile, thereby rendering the agricultural lands unproductive.  In 
order to maintain the long-term agricultural productivity of irrigated lands and to protect 
water resources quality from degradation, it is imperative to manage the salinity of soil and 
groundwater in a proper way. 
Though  concerted efforts liave been made  in the past and are currently being made to 
manage  waterlogging  and  salinity  problem  through  a  program  of  salinity  control  and 
reclamation projects (SCARPS) whose main functions have been to control waterlogging, 
reclaim saline soils, remove excessive surface waters, and use  fresh groundwater wherever 
available for increasing cropping intensity and crop production.  Unfortunately, this problem 
is still increasing and appropriate solutions have not yet been found to rectify the situation. 
There is an urgent need to adopt a sophisticated approach for analyzing and managing the 
salinity problems, especially the salinity of groundwater, on a large scale in Pakistan. 
Mathematical siinulation and predictive models are an attractive and efficient method for 
analyzing salinity problems  and  evaluating various  management alternatives for salinity 
control. Model predictions regarding the effectiveness of management measures which have 
proved to be reliable are preferred to educated guesses and costly trial-and-error options. 
However, successful application of a computer model requires an adequate data base for its 
operation.  Acquiring an adequate data base can be a major task for modeling studies. 
For modeling the changes in  the groundwater salinity concentrations across the Rechna 
Doab, the basic input information on physical dimensions, porous media properties, and 
fluid properties were adapted  as much  as possible  from the  published literature, which 
resulted from the past research conducted in the study area by  various agencies like the 
Water And Power Development Authority  (WAPDA) and other organizations.  For this 
purpose, data on salinity of  tubewell water were also needed.  The data on groundwater 
salinity of public tubewells were  collected  from  the  records  of  the SCARP Monitoring 
organization  (SMO) of  WAPDA and the information related  to private  tubewells were 
obtained from IIMI's own records of past research on tubewell irrigation carried out during 
1988-1992 in the LCC command and were also collected  during the present stndy.  The 
groundwater salinity  data  collected  during  the  present  study  and that  from  secondary 
sources, provided a useful data base for this modeling study in order to simulate and predict 
the long-term  trends of salinity variations of  pumped water,  and also for securing more 
insight into the behavior of  pumped water salinity with time.  Because  groundwater salinity 
40 data for private tubewells were available for only one time, they were not included in this 
model study. 
Upper Rechna is  the largest  area of  fresh groundwater,  containing only 500 ppm TDS. 
Fresh water zones, 24 to 32 kilometers wide, occur along the flood plains of  the Chenab and 
Ravi rivers.  The concentration of TDS in areas close to the rivers ranges within 500 ppm. 
In the central and lower portions of  the Rechna Doab, the salt concentrations increase 
gradually upto 10,000 ppm or more.  Upper Rechna and areas along the flood plains of the 
rivers were not selected for this model study; the focuss was on the central and lower doab. 
In  these  areas,  a  majority  of  the  tubewells  are  pumping  marginal  to  poor  quality 
groundwater and  farmers, especially  at the tail ends of  the canal irrigation  system, are 
heavily dependent upon tubewell irrigation for agricultural production, thereby aggravating 




A.  General Findings 
The  hydro-geological  information  across the  Reclina  Doab reveals  that groundwater  is 
contained in a highly transmissive unconfined aquifer made of  alluvial deposits of sand, silt 
and clay having lateral permeability much greater than vertical permeability  (anisotropic 
aquifer).  The depth to bed rock is a 185 meters or more nearly everywhere in the doab. 
The consolidated  rocks  are essentially impermeable and  defined  the lower limit  of  the 
alluvial  unconfined  aquifer  in  parts of Rechna  Doab.  The maximum  thickness  of  the 
alluvium is not known. Test holes near the northeast and southwest parts of  Rechna Doab 
gave a depth of 460 meters without reaching the bed rock. 
Based on the chemical analysis of groundwater samples taken from various depths within 
the  groundwater  reservoir,  that  in  most  of  the  cases,  the  salinity  concentrations  of 
groundwater increase with depth in the aquifer, which implies that a veitical salinity gradient 
does exist in the groundwater aquifer of  the Rechna Doab.  The veitical salinity gradient 
must be consideied while studying the groundwater salinity variations in the aquifer, as well 
as in the pumped water. 
In Rechna Doab, the development of  private tubewells started in the mid-sixties.  In the 
beginning, the private tubewell development remained slow, but an explosive increase took 
place during the eighties.  Pumping from the private tubewells lowered the watertable and 
increased the water supply significantly.  The rapidly growing exploitation of  groundwater 
for irrigation by  the private tubewells has greatly enhanced the vertical drainage effect of 
the SCARP tubewells.  A majority of  the tubewells in the LCC command system pumped 
marginal  to hazardous  quality  groundwater, which is unsuitable  for  irrigation purposes 
without considering improvement in quality.  Though there is tremendous growth in private 
tubewell development, currently, data on operation and water quality of  pumped watei is 
not being collected by  any government agency.  There is no institutional arrangement for 
the management of groundwater development in the private sector. 
41 There was an interesting finding from the comparison of pumped groundwater quality of  the 
Lagar Distributaly command area that were collected in 1988 and 1995. The same tubewells 
were pumping groundwater of almost the same salinity (EC varied from 600-2000 pS/cm) 
in 1988 and 1995.  There was some improvement in water quality of many of  the sample 
tubewells. 
B.  Model Study Findings 
1)  Central Doab: SCARP-I Tubewells 
In the central Rechna Doab, a model study was conducted on eight tubewells selected from 
the Chuharkana, Sangla Hill, Shahkot and Zafarwal reclamation schemes of Scarp-I. These 
tubewells were selected due to the availability of  a database for a longer time period.  An 
effort was made to select the tubewells whose water quality was deteriorating with time in 
order to study the behavior of  salinity variation for pumped groundwater. 
The observed groundwater salinity for Tubewell CK23 from Chuharkana reclamation scheme 
ranged from 500 t6 940 ppm during the time period of 1960 to 1980.  For Tubewell SH200 
from the Sangla Hill scheme, observed groundwater quality varied from 2200 to 2300 ppm 
during the time period of 1960 to 1970. The observed information on quality of groundwater 
for Tubewells SKT34 and SKT137 from the Shahkot scheme, as well as ZW137, ZW217, 
ZW241 and ZW337 from the Zafarwal scheme reveal the variation of the salinity of pumped 
water from 2000 to 1400, 1600 to 2100, 2000 to 2400, 1200 to 2400, 1300 to 2500 and 1000 
to 2100 ppm, respectively, during the time period of  1960 to 1985. From the observed data 
on  groundwater salinity of pumped  water, tubewells from the Sangla Hill scheme were 
pumping more saline water (2200 to 2300 ppm) compared to other selected tubewells of 
Scarp-I, during the 1960 to 1970 period.  It was also observed that the water quality values 
for Tubewells SKT137, ZW137, ZW217, ZW241 and ZW337 indicate an increasing trend 
in the salinity concentrations with time.  The  greatest increase in the groundwater salinity 
took place in the case of Tubewell ZW241, ranging from 1300 ppm during 1960 to 2500 pprn 
during 1985.  Comparatively, tubewells of the Zafarwal scheme were pumping more saline 
water compared with other tubewells studied during the time period of  1960 to 1985. 
The model predictions on the groundwater salinity for the time period of  40 years (1960 to 
2000) showed that the salinity of pumped water would change in the range of  about 500 to 
1300 ppm for Tubewell CK23 during the period of  1960 to 2000.  The impact of  various 
discharges  on  the  salinity  of  pumped  water  was  also  evaluated  through  the  model 
simulations, which indicated the salinity variation ranges from 500 to 1300,500 to 1020, 500 
to 910, 500 to 800, 500 to 630 ppm for  discharges of  84.96, 56.84, 42.48, 28.32 and 14.16 
liters per second, respectively.  A logical conclusion from the above values is that at lower 
discharge rates, the salinity of the pumped water is much lower than that at higher discharge 
rates.  For example, for a discharge of  14.16 liters per second, CK23 would be pumping 
good quality groundwater containing a salinity of  about 600 pprn by the year 2000. 
42 VI.  SUMMARY 
Model predictions reveal  that Tubewells SH200, SKT34, SKT137, ZW 137, ZW241 and 
ZW337 of  Scarp-I will be pumping groundwater containing salinity of  3100, 1700, 2700, 
2900, 2700, 2800 and 2200 ppm, respectively, during 2010 (Table 6).  These salinity values 
indicate that water from these tubewells will require mixing with canal water to be used for 
irrigation; othenvise, it will create salinity problems in the soil profiles of the irrigated area. 
2)  Lower Rechna: Satiana Pilot Project Tubewells 
For Tubewells STN4, STN6, STN9, STN32 and STN61 from the Satiana Pilot Project, it was 
found from the observed data on the groundwater salinity that there is a deteiiorating trend 
in the salinity concentrations of  pumped water with time.  For example, during 1981, these 
tubewells were pumping groundwater containing  a salinity of  2600, 1300, 2100,  1000 and 
2200 ppm, respectively, and during 1986, they were pumping groundwater of salinity of 2700, 
2100,  2300,  1700 and  2310  ppm,  respectively.  The model  predictions  reveal  that  the 
abovementioned five tubewells would be pumping groundwater containing a salinity of 3600, 
2900, 3300, 2600, and 3400 ppm, respectively, during 2010 (Table 7). 
The salinity of  pumped groundwater for a density of  eight tubewells of the Satiana Pilot 
Project was also predicted using the present pnmpiiig discharge value of 70.80 Ips and the 
reduced discharges of  43 and 7 Ips for the period of  1981 to 2010.  The model simulations 
on density of tubewells also showed that under reduced discharge, especially under the 7 Ips 
case, there was a much smaller change in salinity concentration of  pumped water over the 
time period of  1981 to 2010  (Table 8). 
Tlie  modeling  exercise has  shown  that  the groundwater  model  predicted  the temporal 
variations  in the  salinity  concentration of  pumped  groundwater  fairly  well. The model 
predictions could help in establishing guidelines for groundwater resources management on 
a  long-term  sustained  basis  for  continued  use  of  the  aquifer.  For  example,  model 
simulations for the reduced discharge values indicate that a much smaller change in salinity 
concentration of pumped watei would occur over an extended period of time if groundwater 
would be pumped by  low capacity fractional wells in tlie irrigated areas. 
Rechna doab is an interfluvial area within the Punjab Plain consisting of  2.3 million hectares 
of  cultivated  irrigated  croplands, lying  between  the  Chenab  and  Ravi  rivers.  Irrigated 
agriculture is the major economic activity. There are two crop seasons, the kharif (mid-April 
to mid-October), during which cotton, sugarcane, rice, and maize are grown and the rabi 
(mid-October to mid-April), during which wlieat is tlie main crop. Tlie doab area is located 





occurs from June to September.  Rainfall generally is scant and sporadic, and therefore, is 
not a dependable source of  water for agricultural production. 
The groundwater reservoir of  Rechna Doab is  contained in  the alluvial deposits, which 
consists  of  unconsolidated  sand  and silt, with  minor  amounts  of  clay  and  gravel. The 
uppermost 190 m of  the alluvium contains predominantly fine to medium sand and silt. 
Coarse sand, gravel, and thick beds of  clay are uncommon in the doab area. Tile alluvium 
deposits form a highly transmissive unconfined aquifer.  Rocks of Precambrian age form the 
basement of  the alluvium.  These basement rocks are impermeable and define the lower 
limit of  the groundwater reservoir.  The maximum thickness of  the alluvium is unknown. In 
about a third of  the doab area, the thickness of the alluvium deposits is less than about 370 
m; locally, however, it is more than 460 m. 
Groundwater of  good quality generally is found in the upper parts of  the doab and in a 24- 
48  kilometers  wide  belt  along  the  flood  plains  of  the  Chenab  and  Ravi  rivers. 
Replenishment of  the groundwater reservoir takes place by  infiltration of  river water, by 
leakage from canals, and by  the percolation of  rain in the upper parts of  the doab, where 
precipitation is relatively high.  Highly saline groundwater is found in the lower and cential 
part of  the doab.  The groundwater is  being  developed on a  large  scale  by  means of 
tubewells due to the highly permeable unconfined groundwater aquifer of  the Indus Plain. 
The public and private tubewells are being effectively used for vertical drainage as well as 
for irrigation purposes in Pakistan. 
Currently, over 300,000 private tubewells of about 30 liters per second pumping capacity are 
installed across the country.  The salinity of  these groundwater supplies varies widely, with 
some being too saline for irrigation. For good quality groundwater, tubewells serve the dual 
purpose of  alleviating waterlogging and supplementing the canal water supply. The rapid 
development of  private  tubewells  indicates  the  farmer’s heavy  dependence on  pumped 
groundwater for their crop production, but a majority of the tubewells are pumping marginal 
to poor quality groundwater, use of which for iirigation reflects a gradual build-up of  salinity 
and sodicity in the soil profile, thereby rendering the agricultural lands unproductive.  For 
environmentally sustainable irrigated agriculture, an acceptable quality of fresh groundwater 
is required on a long-term basis.  Clearly, there is an urgent need to manage properly the 
salinity of  the groundwater resource for its sustained long-term use for irrigation. 
For a careful and effective management of  fresh water withdrawals in a saline environment, 
it is necessary  to understand fully the mechanics  of  flow near the well  that causes the 
upconing, which is the vertical upward movement of  salt water in the form of  a cone or 
mound from the saline water zone into the fresh water zone in response to pumping ficsh 
water from the aquifer.  Computer models are invaluable predictive tools for studying the 
long-term groundwater salinity trends and impacts of various management alternatives upon 




In the  Reclina Doab study, an existing finite difference three-dimensional groundwater 
model,  HST3D, that takes into account the vertical salinity gradient in the aquifer, was 
employed to predict the future long-term trends of groundwater salinity changes in pumped 
groundwater considering the existing and the reduced  discharges of tlie producing wells. 
Considerable  emphasis was  placed  on  predicting  the  future trends  in tubewell  salinity 
discharges. 
The major reasons for selecting a three dimensional groundwater model is for cases where 
a vertical salinity gradient exists in the groundwater reservoir.  In many arid areas, higher 
salinity concentrations, which are also slightly more dense, are encountered at deeper depths 
in the groundwater reservoirs. In some cases, these higher salinity concentrations are largely 
the result of  salts taken into solution from the underlying geologic formations, particularly 
when they are of  marine origin.  If  pumping occurs, there is a high potential for salillizing 
the groundwater reservoir after a few decades unless the groundwater is carefully managed, 
which usually reqnires lower discharge capacity wells (e.g. fractional tubewells of  perhaps 
only 10 liters per second in  some areas of  the Punjab in Pakistan). 
For model  calibration, the input data on areal extent, thickness,  and other physical and 
chemical characteristics of the unconfined aquifer were obtained from published research. 
Information on historic salinity of the pumped groundwater and pumping well characteristics 
were obtained from SMO data sets. 
During the process of  model calibration, an effort was made to have a reasonable match 
between the obseived  and simulated groundwater salinity of  pumped water for the study 
tubewells.  Then, the model simulations were run to year 2010 in order to predict temporal 
salinity  concentration  changes  in  the  pumped  groundwater  under  the existing  and  the 
reduced tubewell discharges.  The results of  this modeling study in the form of graphs with 
discussion has been presented  in this volume. 
The graphs of salinity concentxation of  pumped water with time indicated that the simulated 
salinity concentrations of  pumped water were in good agreement with observed values of 
selected  tubewells.  The  model  predictions  could  help  in  establishing  guidelines  for 
groiindwater resonrce management on a long-term sustained basis for continued use of the 
aquifer. The model output included:  (1) the pumped water salinity versus pumping rate 
relationship at a given time; and (2) the salinity of  the pumped water vs time relationship 
at a given pumping rate.  The exercise has shown that the groundwater model predict.ed the 
temporal variations in salinity concentration of  pumped groundwater fairly well. 
The main issues related to groundwater irrigation are: (1) inequitable and unreliable canal 
water distribution; (2) groundwater quality; (3) salt balance; and (4) cropping pattern shift. 
The options being suggested for environmentally sustainable irrigated agriculture are: (1) 
equitable and reliable water distribution; (2) skimming well technology; (3) revision of water 
allocations; (4) use of low-delta crops; (5)  on-farm water management; (6)  conjunctive use; 
(7) farmer’s awareness of land reclamation; and (8) monitoring of  salt balances. 
46 . 
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the groundwater model predicted a gradual long-term increase in groundwater salinity 
fairly well; 
the  gradual  increase  in  salinity  of  pumped  groundwater  could  be  attributed  to 
upconing of  deep saline water; 
fractional wells (less than one cusec) can provide good quality groundwater on a long- 
term sustained basis; 
computer  models  are  invaluable  predictive  tools  for  stuclying  the  long-term 
groundwater salinity trends, but the predictive  accuracy of a model is dependent on 
extensive and reliable field data; 
a sound knowledge of computer model capabilities and limitations is essential in order 
to obtain useful and valuable results from the model studies; 
field experience about the various  aspects  of  groundwater salinity problems  adds 
accuracy and increases the confidence in the model predicted results; 
though the results of  the model study are more general due to the lack  of  specific 
data for  input and  calibration,  the results fulfill the study objective  of  predicting 
temporal variation in salinity of  pumped water; 
presently, the data base is not sufficient for modeling studies regarding groundwater 
salinity problems in the SCARPS,  so there is a great need to obtain a better data base 
for model studies; and 
the increased use of  tubewell water of  a sodic nature for irrigation is posing  a soil 
sodification hazard, which is a tremendous problem for environrnental and long-term 
sustainability of  irrigated agriculture. 
The main recommendations on the issues that need further research are: 
c  HST3D is applicable to situations involving the movement of conservative solutes like 
TDS, chlorides and sulfates.  For any comprehensive study of  groundwater salinity, 
there would need to be a modification to HST3D, or use some other model, in order 
to predict the behavior of  non-conservative solutes; 
47 an extensive groundwater investigation program should be undertaken to deterinine 
the variation of  hydraulic properties and salinity concentrations in the aquifer; 
private  tubewell  data  on  operation  and  quality  should  be  collected  by  some 
government organization in order to have an idea about the long-term sustainability 
of  groundwater development; and 
detailed research on inanagement of  conjunctive use of  canal and groundwater should 
be undertaken in  order to establish conjunclive use management requirements for 
safely using groundwater for irrigation. 
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